The occurrence, distribution and abundance of ichthyoplankton in Todos os Santos and Camamu Bays were analyzed based on four samplings (winter 2003, summer 2003, winter 2004 and summer 2005). Samples were obtained by surface horizontal hauls, using a 200-µm mesh conical-cylinder plankton net. The distribution and abundance of eggs indicate a remarkable seasonal and annual variation of spawning activity in the region, especially when the two summer campaigns are compared. In summer 2003 the highest quantitative values were recorded, especially for Camamu, where the maximum reached 106.56 eggs.m -3 , with an overall average of 43.46 eggs.m -3 for the two areas. In summer 2005 values were relatively low, the overall average being 3.49 eggs.m -3 . The larval taxonomic composition is characterized by the predominance of gobiids, with small variation from summer to winter. Considering all the campaigns and samplings undertaken in both areas, larvae of 11 families were identified: Engraulidae, Clupeidae, Mugilidae, Atherinopsidae, Hemiramphidae, Syngnathidae, Blenniidae, Carangidae, Gobiidae, Achiridae and Tetraodontidae. 
INTRODUCTION
The importance of studying estuarine ichthyoplankton resides in the fact that this environment has a great impact in the life cycle of some fish species (RÉ, 1999) . Quantitative studies may, therefore, clarify whether a certain species reproduces preferentially in the area, or whether there exist specific strategies of transportation, retention or permanence of planktonic stages within the estuary. Several studies have shown that these environments serve as protection and feeding sites during the initial phases of the life cycle (BARLETTA-BERGAN et al., 2002 , GONZALEZ-BENCOMO et al., 2003 , BONECKER et al., 2007 . The larval fishes are quite fragile and especially susceptible to environmental and water quality variations so that any environmental impact may be catastrophic to these populations.
The ichthyoplankton in Todos os Santos Bay and on the northern coast of Bahia State have been poorly investigated, the main studies so far being those by MAFALDA JUNIOR (1995) and MAFALDA JUNIOR et al. (2003 , 2004 . MAFALDA JUNIOR et al. (2004) underscore the need for further investigation into the ecology of ichthyoplankton in this region. For instance, investigations of fish eggs and larvae in the area under the influence of the Landulfo Alves Oil Refinery (RLAM) would contribute to a better understanding of the structure and function of the local ecosystem, providing grounds for environmental monitoring in the area as well. Thus, the present work aims at reporting on the spatial and temporal variations in the specific composition and abundance of ichthyoplankton, through a comparative discussion of the data set. To that end, samplings were carried out in August 
MATERIAL AND METHODS
A total of 108 ichthyoplankton samples were collected with a 200-µm mesh conical-cylindrical plankton net using surface horizontal hauls lasting 3 minutes each. On each campaign 15 samples were obtained in the RLAM area in the northern Todos os Santos Bay (TSB), including triplicates, in 5 sections . In Camamu Bay, a total of 12 samples were collected, i.e., triplicate samples at each of 4 stations (CAM 1, CAM 2, CAM 3, CAM 4) (Fig. 1) . The 200-µm mesh conical-cylindrical plankton net, although not commonly used for ichthyoplankton, was suitable for sampling in a very shallow area, and for towing with a small boat, for zooplankton collection.
Samples were fixed, on board, in a 4% buffered formalin solution. In the laboratory, the samples were sorted under the binocular stereomicroscope to separate eggs and larvae from other zooplanktonic organisms. Larvae identification was performed in accordance with MOSER et al. (1984) , FAHAY (1983) , LEIS and RENNIS (1983) , TRNSKI (1989) and MOSER (1996) . The density of eggs or larvae was calculated by N = X.v -1 , where N is the number of eggs or larvae per m 3 , X the number of individuals at the sampling station, and v the volume of filtered water. The water volume v was obtained by v = a.n.c, where a = area of net mouth (m 2 ), n = fluxometer rotation number, and c = fluxometer calibration rate (m/rotation).
A nonparametric Mann-Whitney U-test was used to analyze differences in abundance between the TSB and Camamu. Differences of abundance over the four campaigns were tested with the nonparametric Kruskal-Wallis test and when significant, the Dunn test was also applied. The nonparametric tests were used after checking whether the variances were unequal (ZAR, 1999) .
RESULTS

Fish egg Density
The average egg density in the TSB was found to be highly variable (Figs 2 and 3 (Fig. 2) . Comparing both areas (Fig. 5) , it can be seen that TSB was the most important area for fish spawning, although statistically no significant difference was found between TSB and Camamu, except for summer 2003. This campaign was an exception, the eggs being more abundant in Camamu (U = 1; p = 0.027) ( Table 1) . Considering all the campaigns and samplings undertaken in both areas, larvae of 15 taxonomic groups were identified: Achiridae, Atherinopsidae, Blenniidae, Carangidae, Clupeidae, Engraulidae, Gobiidae, Hemiramphidae, Mugilidae, Syngnathidae, Tetraodontidae, Clupeiformes, Perciformes, Pleuronectiformes and Tetraodontiformes. Taxa richness was higher in the TSB area than in Camamu. In fact, in addition to families common to both areas (Achiridae, Blenniidae, Carangidae, Clupeidae, Engraulidae, Gobiidae and Hemiramphidae), families such as Atherinopsidae, Mugilidae, Syngnathidae and Tetraodontidae were present exclusively in the TSB area (Table 2) .
Gobiidae were found to be the predominant ichthyoplanktonic group in all the campaigns for both areas when pooled. Considering the sum of the four campaigns, the total abundance of this family was 29.34 larvae.m -3 , corresponding to 71.07% of all the larvae collected. Moreover, for the TSB area the relative value was 50.85%, and for Camamu 73.84%. Gobiids were present in both areas on all the campaigns (Figs 6 and 7). In the TSB area the highest abundance was recorded in winter 2003 (2.11 larvae.m -3 , sd = 1.28) and the lowest in summer 2005 (0.84 larvae.m -3 , sd = 0.56), although the difference between the campaigns was not significant (H = 7.663; p = 0.054). On the other hand, summer 2003 was the period when the highest Camamu abundance was recorded (25.39 larvae.m -3 , sd = 15.87). This result was partially due to the exceptionally high figure recorded at station 1, in which one sampling yielded 78.82 larvae .m -3 (Fig 8) . The lowest average larval density in Camamu was observed in summer 2005 (0.99 larvae.m -3 , sd = 0.79) (H=12.507; p<0.05). In the TSB area, section 7-8 was the one with the highest average abundance (1.61 larvae.m -3 , sd = 1.83), and section 14-15 that with the lowest (0.99 larvae.m -3 , sd = 0.62). The maps of gobiid larval spatial distribution in the TSB (Fig. 6 ) and Camamu ( Fig. 7) areas show the variation in abundance that occurred in each section over the sampling period. In the TSB area, it is worth noting that the highest abundance in winter 2003 was not observed in the following winter. Moreover, in summer 2003 the occurrence of gobiid larvae was restricted only to three sections of low abundance, whereas in the following summer they occurred in all the sections and in greater abundance. The difference in abundance between the two areas is very great on all the campaigns (Fig. 8) . The advantage of the gobiid larval abundance of Camamu over that of the TSB is clear.
Engraulidae was the second family in abundance, yielding a total value of 1.21 larvae.m -3 for all campaigns (Table 2 ). The occurrence of engraulid larvae was observed in both areas on all the campaigns, except in Camamu in winter 2004. In the TSB area they occurred constantly in sections 5-6, 7-8 and 14-15, but (Fig. 9 ).
The average abundance estimated for larvae of the Blenniidae family was 0.33 larvae.m -3 , thus ranking third by order of abundance among all the taxonomic groups in the study area (Table 2) . Larvae of this family were a little more frequent and abundant in the TSB area than in Camamu (Fig. 10) . Concerning the sampling periods in TSB, the highest frequency of blenniids was observed in summer 2003, which was also the period of highest abundance (0.12 larvae.m -3 , sd = 0.05). Winter 2004 was the period of lowest frequency, with occurrence only in two sections (7-8 and 14-15 The total abundance estimated for Carangidae was 0.136 larvae.m -3 , the taxonomic group being the fourth in order of importance in the study areas (Table 2) . Carangid larvae were more frequent in the TSB area than in Camamu, occurring mainly on the summer campaigns (Fig. 11) Clupeids were ranked the fifth most important group, with total abundance of 0.13 larvae.m -3 , slightly below that of the carangids ( Table  2) . Larvae of this family were quite rare (Fig. 12) in a sampling at CAM 3 in winter 2003. These larvae were collected almost exclusively in winter. In the present study it was not possible to identify a great part of the larvae, due to the small size of the specimens and to taxonomic problems, so that we cannot use our results to discuss the hypothesis that in estuarine regions the ichthyofauna tends to present low diversity (HAEDRICH, 1983) . The coastal marine or oceanic areas of tropical regions are known to be characterized by high diversity, as can be seen on the southeastern coast (KATSURAGAWA et al., 1993) or on the eastern coast (NONAKA et al., 2000) of Brazil. KATSURAGAWA et al. (2008) , studying the ichthyoplankton around São Sebastião Island on the São Paulo State coast, identified around 30 families of fish larvae on a single cruise. However, our result in terms of taxonomic grouping is important as a first approach as regards the two areas concerned. If we may compare it with a region close to the RLAM, MAFALDA JUNIOR et al. (2004) identified 18 families in the fall, 20 in winter, 17 in spring and 26 in summer, a number that varied according to the time of the year, but which was no higher than that obtained in this study. In the study carried out in Todos os Santos Bay, on the other hand, the 12 families identified by MAFALDA JUNIOR et al. (2008) were quite close to those identified in the present study. Further, the taxonomic composition found by this present study was quite similar to that observed in the Cananéia region by SINQUE and YAMANAKA (1982) , in spite of the difference in latitude.
An important aspect of the taxonomic composition of the areas investigated in this study is the vast predominance of gobiid larvae (which was seen on almost all the campaigns) in contrast to what is seen in oceanic regions, which are generally characterized by the predominance of Clupeiformes (KATSURAGAWA et al., 1993 (KATSURAGAWA et al., , 2008 . On Brazil's southeastern coast, gobiid larvae occur throughout the year, but tend to be more abundant in summer (KATSURAGAWA et al., 1993) . However, in the areas examined in the present study, this tendency was observed only during the first year, thus preventing us from reaching a definitive conclusion as to the group's reproductive periodicity. Gobiids are oviparous with demersal, adhesive eggs, while the larvae are planktonic. Parental egg care is common (WATSON, 1996a) . According to the literature, more than ten genera of the family occur on the Brazilian coast (MENEZES et al., 2003) , but so far the larval phases of only two species are known. Larvae of Gobionellus boleosoma were recorded by CASTRO et al. (2005) in Guanabara Bay. KITAHARA 1 identified Gobionellus oceanicus larvae in the Cananéia-Iguape system. The fact that the larvae collected in the TSB and Camamu areas were all of reduced size and in the yolk-sac stage, rendered identification to species level impossible. MAFALDA JUNIOR et al. (2004) also analyzed the group to the family level, describing its occurrence for all the seasons of the year, observing a relatively high abundance in December, in agreement with the results obtained in December (summer) 2003 in Camamu.
Part of the families observed in the larval collection of the present study included small-sized fish, e.g. blenniids, gobiibs, atherinopsids and syngnathids, typically inhabiting shallow waters from intertidal rocky shores to estuaries and bays. No adult specimens of these groups were collected in the RLAM area (DIAS et al., 2011) , but they are all of special interest because their early development is associated with a variety of adaptations, such as eggs carried by males, demersal eggs adhering to substrates and eggs protected by parents until hatching (BALON, 1975; WATSON, 1996b,c; WATSON and SANDKNOP, 1996) . It seems, therefore, that these fish groups are particularly dependent on the local ecosystem during the initial phase of their life cycle, so that any impact on coastal environments may cause severe damage to stocks, whether directly on the eggs and larvae, or by destroying the environments that act as nursery grounds for the species. It is known that many species present in the study area constitute important fishery resources for riverside dwellers, whether by subsistence or artisanal fishing. Among the groups that occurred in the ichthyoplankton, the following families whose adults are used as food items are noteworthy: Clupeidae and Engraulidae, Carangidae and Achiridae. This group includes small to medium-size pelagic fishes, all of them oviparous with planktonic eggs and larvae. For instance, engraulids are also considered of vital importance for marine ecosystems because they belong to lower trophic levels and act as links in the trophic chains, between the producers at the base and predators such as larger fishes or birds. The diversity of occurrence of this group is characterized by some families such as carangids present at all stations, albeit in low abundance, to those restricted to a specific period of the year, such as the Clupeidae family, sampled only in the winter campaigns in the TSB area. This periodicity of occurrence does not always coincide with data collected elsewhere on the Brazilian coast. The results of MAFALDA JUNIOR et al. (2004) on the northern coast of Bahia State, for instance, show that engraulid larvae were present as the most abundant group in fall and winter, while they did not occur in spring, and were present in relatively low abundance in summer. In the present study, these larvae always occurred in low abundance, tending to larger numbers in summer. These data indicate that different groups adopt different spawning strategies in the area and, in view of the fact that they are exploited by fisheries, further investigations should be carried out in order to improve our knowledge of their stock dynamics.
The present results indicate that the fish species, especially those of the Engraulidae family, inhabiting the northern TSB and Camamu areas use these environments intensively as spawning grounds or, in the case of at least 11 families, as an area for feeding and growing during the initial phase of their life cycle. This picture is similar to the descriptions of other estuarine regions and related habitats in various parts of Brazil and the world (WEINSTEIN and BROOKS, 1983; TOLAN et al., 1997; RÉ, 1999; GONZALEZ-BENCOMO et al., 2003; BONECKER et al., 2007; ITAGAKI et al. 2 , undergoing preparation) . The use of the site for spawning can also be confirmed by the presence of females with gonads in an advanced state of development. This feature has been observed for the carangid Oligoplites saurus in the TSB, where females in an advanced stage of gonadal maturation (hydrated females) have occurred (DIAS et al., in this volume). Larvae of Oligoplites spp. were present among the carangids, showing that in this case the larvae are the result of a successful local spawning. The presence of eggs and larvae may be the result of the spawning of fish either in these regions or elsewhere, they then being transported into the bay to develop, the region acting as a nursery. Several physical processes, such as tidal currents, double-layer circulation, coastal currents and wind-driven surface currents, involved in the transport of organisms, are considered in the conceptual model of dispersal (HETTLER and HARE, 1998) . For example, MIRANDA et al. (2011) observed that the movement of surface currents in the estuarine area affected by the Landulfo Alves Refinery took place in a N-S direction, driven by the tide in both periods (maximum intensity of 0.22 m/s in the winter and 0.73 m/s in the summer). These currents could contribute to the dispersal of the fish eggs and larvae within the estuary and also to their transportation out of the region. For instance, the lowest values in the area, in terms of egg density in both periods, as well as of larvae in the summer campaign, were observed in section 5-6 of the TSB, the section closest to the refinery. However, on the winter campaign the larval values in this section were above the area's overall average.
Hydrographic factors are of fundamental importance in the process of fish reproduction, incubation and larval development. Results from physical oceanography (MIRANDA et al., op. cit o C and from 34.08 to 35.64. Both temperature and salinity were, therefore, higher in summer than in winter. This seasonal variation in hydrographic data did not, apparently, affect the taxonomic composition. In terms of reproductive activity, clear differences were observed in the first year with a significant increase in egg numbers in December, but in the second year the variations were not as evident. MAFALDA JUNIOR et al. (2004) suggest that the cycle between rainy and dry periods may be correlated to the greater or lesser density of fish eggs and larvae in the region. The high salinity value between 34 and 36 indicates a strong marine contribution and a weaker influence of continental waters in the TSB area, which may contribute to the transport of organisms, including fish eggs and larvae, from the marine region into the estuary. It is possible that the fish reproduction process and the abundance of fish eggs and larvae in these places do not constitute purely seasonal events, but are related to several other factors, both biotic and abiotic, affecting the dynamics of the ecosystem, either favoring or hindering the embryonic and larval development of fish species.
When the results of the ichthyoplankton are compared with those relating to the ichthyofauna, some disagreement may be observed. For example, engraulids with abundant eggs and larvae were not frequent in the ichthyofauna samplings. There may be many reasons for this, e.g. adults leaving the area, adults not being captured by the "abalo" nets (a local kind of gillnet), or spawning not taking place during the campaigns. The lack of information concerning the early life stages of local fish species greatly limited the identification of both eggs and larvae. However, after the analysis of the results, it has became clear that the area affected by the RLAM is one of spawning and/or development for many fish species such as gobiids, engraulids, blenniids, carangids and clupeids, among others.
